Henderson has long advocated predilution as the preferred method for fluid replacement during hemofiltration (1, 2) . His review outlines its potential advantages for machine driven systems (3). Among these is a net increase in solute clearance brought about by vastly increased filtration rates. These enhanced filtration rates are made possible by avoiding the limitations created by rising postfilter hematocrits, as seen in the postdilution mode. Another advantage is that the predilution mode dilutes the prefilter protein levels, thus diminishing the tendency for progressively decreasing sieving coefficients, the result of protein layering on the filter membrane. This effect was demonstrated by Streicher and Schneider, who showed that the predilution c mode increased the sieving coefficient for inulin (4). The dilution of blood entering the filter was also advantageous in maintaining effective surface area and in limiting the tendency for the filters to clot, as demonstrated by Mann (5).
urea (7) . Recently, however, Cheung and colleagues, using more sensitive radioisotopic methods, have confirmed the rapid extraerythrocytic movement of urea in response to both hemodialysis and hemofiltration in the predilution mode (8) .
During postdilution hemofiltration, filtration rates equal urea clearance, because plasma and filtrate urea concentrations are virtually identical (9) . During the predilution mode, however, there is a variable amount of replacement fluid which escapes into the filtrate, thereby diluting the filtrate urea concentrations with respect to the systemic plasma levels. This percentage dilution of filtrate urea can be offset by a greater percentage increase in total filtrate output, thus yielding a net increase in urea clearance. Using machine driven blood flows of 300 ml/min, Geronemus and colleagues varied the predilution rate and found that 20 ml/min was optimum for increasing net urea removal (10) . When predilution rates reached 40 ml/min, however, the percentage dilution of urea exceeded the percentage increase in filtrate output and net urea clearance was decreased with respect to the postdilution mode. Of note was that this study was performed using both pre and postdilution and that the predilution rates represented only a small fraction of the total filtrate output, averaging only 20% of the replacement fluid given to maintain isovolumetric conditions.
Considering the above data obtained with machine driven systems, it was difficult to assess the utility of predilution during arteria-venous hemofiltration. At first view it would seem that the generally slower blood flows (50-100 ml/min) would favor the extraerythrocytic movement of urea, since there would be sufficient time for equilibration with the plasma compartment. These slower blood flow rates, however, would also render difficult the extrapolation of Geronemus's data to the CAVH system. In particular, using predilution as the exclusive method for fluid replacement, the predilution rate would virtually equal the filtrate output, thereby leading to filtrate urea dilution which might negate the advantage of the increase in filtrate volume, thus decreasing net urea clearance.
Despite these uncertainties, we felt there were compelling reasons to try predilution during CAVH. The first of these was that CAVH, in the postdilution mode, was unable to provide sufficient output to control uremia under conditions of low blood flow.
Our original attempt to offset this problem was to add vacuum suction to the filtrate output port (11) . Although this yielded a virtual doubling of filtrate output, we noted that patients had rather modest hematocrits, and that patients with more normal blood counts would generate filtration fractions that would be poorly tolerated (12) . Furthermore, Kramer has suggested that patients with hematocrits greater than 45% could not be treated with CAVH (13) .
Another factor, particularly important for CAVH, is that the predilution mode might decrease the needs for anticoagulation. This need for continuous heparin therapy causes difficulties in patients with hemorrhagic tendencies (9) . Thus, it was hoped that the prefilter dilution of hematocrit, platelets and clotting factors might lower heparin requirements.
With these considerations in mind, we decided to study the effect of predilution during CAVH. Although we found a net increase in filtrate output and urea clearance, the crossover comparison of pre and postdilution was not controlled for operating conditions and the results were inconclusive (9) . More recently we attempted another crossover study, this time with careful monitoring of the operating conditions, most notably the mean arterial pressure. Using blood flows averaging 30 ml/min and replacement fluid rates of 500 ml/hr, we found the predilution mode increased net filtrate output by 22% and net urea clearance by 18% (13) . Furthermore, during the use of vacuum suction, net urea clearance increased by 60%, without the potential difficulties of prohibitively high filtration fractions.
The specific origin of these net increases can be attributed to at least two phenomena. The first is a decrease in prefilter protein concentrations, which favors the operating conditions seen during CAVH. The second is the extraerythrocytic movement of urea, rendering it available for filtration.
The results of this crossover study (14) , combined with those of Lauer and colleagues (15) , allows the construction of a graph depicting the particular advantage of the predilution mode during the low pressure conditions generated by arterio-venous hemofiltration (14, 16) . Figure 1 contrasts the oncotic pressures generated by both the pre and postdilution modes. These pressures can then be compared to the rather modest hydrostatic pressures encountered during this technique (15) . As can be seen on the graph, during the postdilution mode, increasing oncotic pressures can easily reach levels sufficient to completely negate the hydrostatic pressures. This situation can cause net filtration to cease well before the blood leaves the filter. In contrast, with the predilution mode, although filtration fractions may exceed those generated by the postdilution mode, the absolute protein levels are much reduced, yielding more modest oncotic pressures and allowing for net filtration to continue during the blood's entire transit through the filter.
Clearly, then the predilution mode increases net filtration rates during conditions encountered with CAVH. The next question is whether the percentage increase in filtrate output exceeds the percentage dilution of filtrate urea by the predilution fluid. The results of our crossover study (14) , and those of our previous observations (9, 17) demonstrate that the percentage increase in filtrate outputs does exceed the percentage dilution of filtrate urea, thus yielding a net increase in urea clearance. In this regard, it is of interest that the predilution mode, on average, yields only a 15% dilution of filtrate urea when compared to systemic urea levels (16) . This suggests that only a modest amount of the predilution fluid escapes into the filtrate.
Thus, the net increases in filtrate output and urea clearance have been well documented. However, the relative contribution of either the decrease in oncotic pressures or the extraerythrocytic movement of urea, to the generation of these increases is still unclear. Well designed studies, contrasting the fate of urea with that of purely extraerythrocytic solutes will be required to settle this question.
The issue of extended filter life and decreased needs for anticoagulation is still in doubt. During machine driven treatments of 4 to 6 hours, Mann was able to demonstrate an increase in residual filter volume when using the predilution mode (5) . It would seem logical to assume that this favorable effect would be even more pronounced during the prolonged filter use seen during CAVH, thus decreasing heparin requirements and prolonging effective filter life. In fact, our experience with the predilution mode has shown that, in some patients, acceptable filter life could be attained without any heparin (9) . In contrast, however, Eisele and Paganini could not document a benefit to predilution during heparin-free treatments (18). Clearly, if one chooses not to accept the extrapolation of results from treat-
